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$Q�(FRQRPHWULF�0RGHO�RI�WKH�'HPDQG�IRU�)RRG�DQG�1XWULWLRQ

$EVWUDFW

$�IOH[LEOH��IXOO�UDQN�WZR�PRGHO�RI�IRRG�FRQVXPSWLRQ�WKDW�LV�JOREDOO\�FRQVLVWHQW�ZLWK�HFRQRPLF�WKHRU\��DJ�
JUHJDWHV�DFURVV�LQFRPH��GHPRJUDSKLF�YDULDEOHV��DQG�YDULDWLRQV�LQ�PLFUR�GHPDQG�SDUDPHWHUV��DQG�DFFRPPR�
GDWHV� WUDGHRIIV�EHWZHHQ� WDVWHV�DQG�QXWULWLRQ� LV�GHULYHG��7KH�HFRQRPHWULF�GHPDQG�PRGHO� LV�HVWLPDWHG�ZLWK
SHU�FDSLWD�8�6��FRQVXPSWLRQ�RI����IRRGV�RQ�WKH�WLPH�SHULRG������������H[FOXGLQJ�WKH�:RUOG�:DU�,,�\HDUV
�����������$Q�DSSURDFK�IRU�LQIHUULQJ�WKH�SHUFHQWDJH�RI�QXWULHQWV�DYDLODEOH�IURP�LQGLYLGXDO�FRPPRGLWLHV�LQ
WKH�8�6��IRRG�VXSSO\�LV�GHULYHG�DQG�LPSOHPHQWHG�HPSLULFDOO\�RQ�WKH�WLPH�SHULRG�����������IRU�WKH�QXWULHQWV
HQHUJ\�� SURWHLQ�� WRWDO� IDW�� FDUERK\GUDWHV�� DQG� FKROHVWHURO��7KH� WZR� VHWV� RI�PRGHO� UHVXOWV� DUH� FRPELQHG� WR
JHQHUDWH�WLPH�SDWKV�IRU�LQFRPH�DQG�+LFNVLDQ�FRPSHQVDWHG�SULFH�HODVWLFLWLHV�RI�GHPDQG�IRU�LQGLYLGXDO�IRRGV
DQG�PDFURQXWULHQWV�

.H\�:RUGV� $JJUHJDWLRQ��'HPDQG��)RRG��1XWULWLRQ��+LFNVLDQ�&RPSHQVDWHG�3ULFH�(ODVWLFLWLHV



$Q�(FRQRPHWULF�0RGHO�RI�WKH�'HPDQG�IRU�)RRG�DQG�1XWULWLRQ

���,QWURGXFWLRQ

)DUP�DQG�IRRG�SROLF\�LQ�WKH�8QLWHG�6WDWHV�LV�XQGHUJRLQJ�D�PDMRU�WUDQVIRUPDWLRQ��0RVW��WKRXJK�QRW�DOO��IDUP�
OHYHO�SULFH�DQG�LQFRPH�VXSSRUW�SURJUDPV�DUH�EHLQJ�UHSODFHG�E\�FDVK�SD\PHQWV�DQG�D�PRYH�WRZDUG�DQ�RSHQ
PDUNHW��$W�WKH�VDPH�WLPH��ZHOIDUH��IRRG�VWDPSV��:RPHQ��,QIDQWV�DQG�&KLOGUHQ��:,&���$LG�WR�)DPLOLHV�ZLWK
'HSHQGHQW�&KLOGUHQ��$)'&���DQG�VFKRRO�OXQFK�SURJUDPV�DUH�EHLQJ�UHGXFHG�LQ�VFRSH�DW�WKH�IHGHUDO�OHYHO�DQG
UHSODFHG�E\�EORFN�JUDQWV�WR�VWDWHV��,W�DOPRVW�JRHV�ZLWKRXW�VD\LQJ�WKDW�WKHVH�FKDQJHV�ZLOO�LQIOXHQFH�WKH�SULFHV
SDLG�IRU�DQG�TXDQWLWLHV�FRQVXPHG�RI�IRRG�LWHPV�DQG�QXWULHQWV��DV�ZHOO�DV�LQFRPHV�DQG�IRRG�H[SHQGLWXUHV�RI
8�6��FRQVXPHUV��([DFWO\�KRZ�PXFK�DQG�LQ�ZKLFK�GLUHFWLRQV�WKHVH�HIIHFWV�ZLOO�EH�UHDOL]HG��KRZHYHU��LV�PXFK
PRUH�RI�DQ�RSHQ�TXHVWLRQ��0DQ\�IDUP�OHYHO�SROLFLHV�KDYH�FUHDWHG�FRQVXPHU�LQFHQWLYHV�WKDW�GLUHFWO\�RSSRVH
WKRVH�FUHDWHG�E\�IRRG�VXEVLG\�SURJUDPV��:KDW�FDQ�ZH�VD\�DERXW�WKH�MRLQW�LPSDFW�RI�GRPHVWLF�8�6��IDUP�DQG
IRRG�DLG�SROLFLHV�RQ�IRRG�DQG�QXWULWLRQ�FRQVXPSWLRQ��KHDOWK��DQG�HFRQRPLF�ZHOIDUH�RI�WKH�8�6��SRSXODWLRQ"
$W�WKLV�MXQFWXUH��SUREDEO\�QRW�YHU\�PXFK��$V�D�VWDUN�H[DPSOH��ZKLOH�IRRG�VWDPS�UHFLSLHQWV�VSHQG�PRUH�RQ
IRRG��WKH\�DOVR�SUREDEO\�HDW�OHVV�KHDOWK\�IRRGV�GXH�WR�SULFH�GLVWRUWLRQV��)URP�D�SXUHO\�QXWULWLRQDO�SHUVSHF�
WLYH��LW�LV�XQFOHDU�ZKHWKHU�WKLV�JURXS�LV�EHWWHU�RU�ZRUVH�RII�ZLWK�WKH�FRPELQDWLRQ�RI�IDUP�DQG�IRRG�SURJUDPV�
RU�HYHQ�ZKHWKHU�WKH\�DUH�HFRQRPLFDOO\�EHWWHU�RII� WKDQ�PLJKW�EH� WKH�FDVH�ZLWK�QR�JRYHUQPHQW� LQWHUYHQWLRQ
ZKDWHYHU�LQ�WKH�IDUP�DQG�IRRG�VHFWRUV�

$V�D�ILUVW�FXW�DW�DGGUHVVLQJ� WKHVH� LPSRUWDQW�DQG� LQWHUHVWLQJ�TXHVWLRQV�� WKLV�SDSHU�SUHVHQWV�D�PRGHO�RI�8�6�
IRRG�DQG�QXWULWLRQ�FRQVXPSWLRQ��7KH�PRGHO�LV�HVWLPDWHG�HFRQRPHWULFDOO\�XVLQJ�DQQXDO�WLPH�VHULHV�GDWD�IRU
SHU�FDSLWD�8�6��IRRG�FRQVXPSWLRQ�DQG�QXWULWLRQDO�LQWDNH�RYHU�WKH�SHULRG������������7KH�WKHRUHWLFDO�PRGHO
H[SORLWV� KRXVHKROG� SURGXFWLRQ� WKHRU\� �%HFNHU�� /DQFDVWHU� ������ ������ /XFDV�� 0LFKDHO� DQG� %HFNHU�� DQG
0XWK�� WR� OLQN�IRRG�DQG�QXWULWLRQ�FRQVXPSWLRQ�DQG�DFFRPPRGDWHV� WUDGHRIIV�EHWZHHQ�QXWULWLRQ�DQG� WDVWH� LQ
IRRG�SUHIHUHQFHV��$�JHQHUDO�DQG�SODXVLEOH�FRQFHSW�RI�DJJUHJDWLRQ�DFURVV�LQGLYLGXDOV¶�LQFRPHV��GHPRJUDSK�
LFV��DQG�PLFUR�OHYHO�SUHIHUHQFH�SDUDPHWHUV�WR�PDUNHW�OHYHO�GHPDQG�HTXDWLRQV�ZKLFK�DUH�FRQVLVWHQW�ZLWK�WKH
WKHRU\�RI�FRQVXPHU�FKRLFH�LV�GHILQHG��LPSOHPHQWHG��DQG� WHVWHG��([SOLFLW�QHVWHG�SDUDPHWHU�UHVWULFWLRQV� WKDW
DUH�QHFHVVDU\� DQG� VXIILFLHQW� IRU� JOREDO� TXDVL�FRQFDYLW\� RI� SUHIHUHQFHV� DUH� GHULYHG� DQG� LPSOHPHQWHG��7KH
HPSLULFDO�PRGHO�LV�VXEMHFWHG�WR�D�EDWWHU\�RI�GLDJQRVWLF�WHVWV�IRU�PRGHO�VSHFLILFDWLRQ�DQG�SDUDPHWHU�VWDELOLW\�
$Q� DSSURDFK� IRU� LQIHUULQJ� WKH� SHUFHQWDJH� RI� QXWULHQWV� DYDLODEOH� IURP� LQGLYLGXDO� FRPPRGLWLHV� LQ� WKH�8�6�
IRRG�VXSSO\�DOVR�LV�GHULYHG�DQG�LPSOHPHQWHG�HPSLULFDOO\�RQ�WKH�WLPH�SHULRG�����������IRU�WKH�QXWULHQWV�HQ�
HUJ\��SURWHLQ��WRWDO�IDW��FDUERK\GUDWHV��DQG�FKROHVWHURO��)LQDOO\��WKH�WZR�VHWV�RI�PRGHO�UHVXOWV�DUH�FRPELQHG�WR
JHQHUDWH�WLPH�SDWKV�IRU�VKRUW��DQG�ORQJ�UXQ�+LFNVLDQ�FRPSHQVDWHG�SULFH�HODVWLFLWLHV�RI�GHPDQG�IRU�WKHVH�ILYH
QXWULHQWV�

7KH�RUJDQL]DWLRQ�RI�WKH�SDSHU�LV�DV�IROORZV��7KH�QH[W�VHFWLRQ�FRQVLGHUV�WKH�WKHRUHWLFDO�LVVXHV�DVVRFLDWHG�ZLWK
PRGHOLQJ�IRRG�DQG�QXWULHQW�GHPDQG��6HFWLRQ� WKUHH�FKDUDFWHUL]HV� WKH�HFRQRPHWULF�IRRG�GHPDQG�PRGHO�DQG
LW
V�HPSLULFDO�SURSHUWLHV�� WKH�GDWD�� HPSLULFDO� UHVXOWV�� K\SRWKHVLV� WHVWV�� DQG�PRGHO�GLDJQRVWLFV��6HFWLRQ� IRXU
SUHVHQWV�DQ�DSSURDFK�WR�LQIHUULQJ�WKH�QXWULWLRQDO�FRQWHQW�RI�DJJUHJDWH�IRRG�LWHPV�DQG�GLVFXVVHV�WKH�DSSOLFD�
WLRQ�RI�WKLV�PHWKRG�WR�8�6��DQQXDO�WLPH�VHULHV�GDWD��6HFWLRQ�ILYH�FRPELQHV�WKH�HPSLULFDO�UHVXOWV�RI�WKH�SUH�
FHGLQJ�WZR�VHFWLRQV�WR�JHQHUDWH�WLPH�SDWKV�IRU�WKH�SHU�FDSLWD�LQFRPH�DQG�+LFNVLDQ�FRPSHQVDWHG�SULFH�HODV�
WLFLWLHV�RI�IRRG�DQG�QXWULHQW�³GHPDQGV�´�7KH�ILQDO�VHFWLRQ�VXPPDUL]HV�DQG�FRQFOXGHV�

���0RGHOLQJ�)RRG�'HPDQG

,W� LV�UHDVRQDEOH�WR�DVVXPH�WKDW�IRRG�LV�HDWHQ�IRU�WZR�IXQGDPHQWDO� UHDVRQV�²�IRU� LWV�FRQWULEXWLRQ� WR�KHDOWK
GXH�WR�QXWULWLRQDO�LQWDNH�DQG�IRU�LWV�FRQWULEXWLRQ�WR�SOHDVXUH�WKURXJK�IODYRU��RGRU��DSSHDUDQFH��WH[WXUH��DQG
RWKHU�TXDOLWLHV�RI�WKH�IRRGV�FRQVXPHG��7KH�UHODWLRQVKLS�EHWZHHQ�QXWULHQW�LQWDNH�DQG�IRRG�FRQVXPSWLRQ�FDQ
EH�UHSUHVHQWHG�OLQHDUO\��7KDW�LV��³WZLFH�DV�PXFK�PHDW�\LHOGV�WZLFH�DV�PXFK�SURWHLQ�DQG�WZLFH�DV�PXFK�IDW�
KHQFH�WKH�WHFKQRORJ\�PXVW�EH�KRPRJHQHRXV�RI�GHJUHH�RQH��)XUWKHU��WKH�DPRXQW�RI�SURWHLQ�FRQWDLQHG�LQ�DQ



8�6��)RRG�'HPDQG SDJH��

HJJ�LV�QRW�GHSHQGHQW�RI�WKH�DPRXQW�RI�PHDW�FRQVXPHG��VR�WKH�WHFKQRORJ\�LV�DGGLWLYH´��/XFDV��S��������7KLV
VSHFLILFDWLRQ�LV�LQGHSHQGHQW�RI�WKH�KRXVHKROG
V�ZHOIDUH�IXQFWLRQ�IRU�QXWULHQWV��DQG�WKHUHIRUH�GRHV�QRW�UHODWH
WR�VXFK�ILQGLQJV�IURP�QXWULWLRQ�VWXGLHV�DV��'DQW]LJ��+DOO��)R\WLN��6PLWK��DQG�6WLJOHU��

��� $IWHU� FHUWDLQ� OHYHOV� RI� LQWDNH�� DGGLWLRQDO� TXDQWLWLHV� RI� QXWULHQWV� \LHOG� GHFUHDVLQJ� �DQG� VRPH�
WLPHV�HYHQWXDOO\�QHJDWLYH��UHWXUQV�WR�KHDOWK�

��� 7KH�RSWLPXP�TXDQWLW\�RI�DQ\�QXWULHQW�GHSHQGV�RQ�WKH�OHYHO�RI�LQWDNH�RI�WKH�RWKHU�QXWULHQWV�

��� 3XUHO\�QXWULWLRQDO�UHTXLUHPHQWV�DSSHDU�WR�KDYH�DW�PRVW�D�VPDOO�HIIHFW�RQ�IRRG�H[SHQGLWXUHV�

7KXV��OHW�]�GHQRWH�DQ�P�YHFWRU�RI�QXWULHQWV�LPSRUWDQW�WR�WKH�KHDOWK�VWDWXV�RI�WKH�KRXVHKROG��OHW�[�GHQRWH�DQ
Q[�YHFWRU�RI�IRRG�LWHPV��DQG�OHW�1�GHQRWH�DQ��P�Q[��PDWUL[�RI�QXWULHQW�FRQWHQW�SHU�XQLW�RI�IRRG��/HW�WKH�UHOD�
WLRQVKLS�EHWZHHQ�IRRG�FRQVXPHG�DQG�QXWULHQW�DYDLODELOLW\�EH�]� �1[��$OVR��OHW�\�GHQRWH�DQ�Q\�YHFWRU�RI�DOO
RWKHU� JRRGV�� OHW� V� EH� D�N�YHFWRU� RI� GHPRJUDSKLF� YDULDEOHV� DQG� RWKHU� GHPDQG� VKLIWHUV�� DQG�ZULWH� WKH� FRQ�
VXPHU¶V�XWLOLW\�IXQFWLRQ�DV�X� � � � �[ \ ] V ��7KH�REMHFWLYH�RI�WKH�FRQVXPHU�LV�WR
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8�6��)RRG�'HPDQG SDJH��

LV� WKH� FRQGLWLRQDO�PHDQ� RI� H[SHQGLWXUH� RQ� [� JLYHQ� SULFHV�� LQFRPH�� DQG� GHPRJUDSKLF� YDULDEOHV� �*RUPDQ
����D��%ODFNRUE\��3ULPRQW��DQG�5XVVHOO���

7KHUH�DUH�PDQ\�UHDVRQV�WR�FRQVLGHU�WKH�HIIHFWV�RI�DJJUHJDWLRQ�IURP�PLFUR�XQLWV�WR�PDUNHW�OHYHO�GDWD�LQ�GH�
PDQG�DQDO\VHV��)LUVW�� WKH�HIIHFWV�RI�DQ\�SROLF\�YDU\�DFURVV� LQGLYLGXDOV��(OLJLELOLW\�IRU� WKH�IRRG�VWDPS�SUR�
JUDP�LV�EDVHG�RQ� LQFRPH��KRXVHKROG�VL]H��DQG� WRWDO�DVVHWV��ZKLOH�QRQ�UHFLSLHQWV�VKDUH� WKH�FRVW�RI� WKH�SUR�
JUDP� WKURXJK� LQFRPH� WD[HV�� ZKLFK� YDU\� ZLWK� LQFRPH�� 6HFRQG�� LW� LV� KLJKO\� OLNHO\� WKDW� SUHIHUHQFHV� GLIIHU
DFURVV�LQGLYLGXDOV��6RPH�RI�WKLV�YDULDWLRQ�PD\�EH�SUHGLFWDEOH�ZLWK�REVHUYDEOH�GHPRJUDSKLFV�OLNH�HWKQLFLW\�
JHQGHU��RU�DJH�FKDUDFWHULVWLFV�RI�KRXVHKROG�PHPEHUV��3ROODN�DQG�:DOHV���%XW�DYDLODEOH�HPSLULFDO�HYLGHQFH
IURP�FURVV�VHFWLRQ�VWXGLHV�VXJJHVWV�WKDW�SUHIHUHQFH�YDULDWLRQ�DFURVV�LQGLYLGXDOV�UHPDLQV�DIWHU�PHDVXUDEOH�LQ�
IOXHQFHV�KDYH�EHHQ� DFFRXQWHG� IRU��)LQDOO\�� WKH� WKHRU\� RI� FRQVXPHU� FKRLFH� DSSOLHV� WR� LQGLYLGXDO� GHFLVLRQ�
PDNHUV��QRW�WR�DJJUHJDWH�EHKDYLRU��$OWKRXJK�WKH�HFRQRPLF�UDWLRQDOLW\�RI�WKH�UHSUHVHQWDWLYH�FRQVXPHU�LV�DQ
LQWHUHVWLQJ�HPSLULFDO�TXHVWLRQ��ZLWKRXW�DJJUHJDWLRQ�DFURVV�HFRQRPLF�DJHQWV�WKHUH�LV�QR�UHDVRQ�WR�H[SHFW�WKLV
SURSHUW\� WR� KROG��1HYHUWKHOHVV�� WUDFLQJ� WKH� HFRQRPLF� FRQVHTXHQFHV� RI� IDUP� DQG� IRRG� SROLFLHV� RQ� SULFHV�
TXDQWLWLHV�WUDGHG��DQG�VR�IRUWK�UHTXLUHV�PDUNHW�OHYHO�GDWD�DQG�DQDO\VHV�

/HW�G = � � ³ +� � �P NV ª ��GHQRWH�WKH�YHFWRU�RI�LQFRPH�DQG�RWKHU�PHDVXUDEOH�GHPRJUDSKLF�FKDUDFWHULVWLFV�WKDW

GLVWLQJXLVK�EHWZHHQ�KRXVHKROG�W\SHV��OHW�q ³ª U �EH�WKH�YHFWRU�RI�PLFUR�SDUDPHWHUV�WKDW�YDU\�DFURVV�KRXVH�

KROGV��OHW�W ± �+ª ªN U� �EH�WKH�VHW�RI�KRXVHKROG�FKDUDFWHULVWLFV�DQG�PLFUR�SDUDPHWHUV��DQG�FRQVLGHU�HDFK
KRXVHKROG�W\SH�w q= � � �G �DV�DQ�HOHPHQW�RI�WKH�VHW�W��:ULWH�WKH�FRQGLWLRQDO�PHDQ�RI�TXDQWLWLHV�GHPDQGHG
IRU� IRRG� LWHPV� JLYHQ� SULFHV�� LQFRPH�� GHPRJUDSKLFV�� DQG�PLFUR�SDUDPHWHUV� DV� [ S� � �w � DQG� OHW� WKH� FRQGL�

WLRQDO�PHDQ�IRU�FRPSHQVDWLQJ�YDULDWLRQ�IRU�D�FKDQJH�IURP�S��WR�S��EH�FY� � � �S S� � w ��ZKLFK�LV�GHILQHG�E\

����� X Y P Y P FY� � � � �� � -� � � � � � � � � � �� � �S V S S S Vq w q �

ZKHUH�Y P� � � � �S V q �LV�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ��DQG�1�KDV�EHHQ�RPLWWHG�IURP�Y�¼��IRU�QRWDWLRQDO�FRQYHQ�
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����D������E��SURYLGHG�VWURQJ�HYLGHQFH�WKDW�:RUOG�:DU�,,�UHSUHVHQWHG�D�VXEVWDQWLDO�VWUXFWXUDO�EUHDN�LQ�WKH
GDWD�VHW��+HQFH��,�RPLW�WKH�\HDUV�����������WR�DFFRXQW�IRU�WKLV�

:LWK�WKH�DVVLVWDQFH�RI�WKH�+XPDQ�1XWULWLRQ�,QIRUPDWLRQ�6HUYLFH��+1,6���DQQXDO�HVWLPDWHV�RI� WKH�SHUFHQW�
DJHV�RI�WKH�WRWDO�DYDLODELOLW\�RI�VHYHQWHHQ�QXWULHQWV�IURP�HDFK�RI�WKH�WZHQW\�RQH�IRRG�FDWHJRULHV�ZHUH�FRP�
SLOHG�IRU�WKH�SHULRG������������7KHVH�SHUFHQWDJHV�ZHUH�PXOWLSOLHG�E\�WKH�UHVSHFWLYH�WRWDO�VXSSO\�RI�QXWUL�
HQWV�SHU�FDSLWD�DQG�GLYLGHG�E\�WKH�UHVSHFWLYH�SHU�FDSLWD�FRQVXPSWLRQ�RI�HDFK�IRRG�LWHP�WR�REWDLQ�\HDU�WR�
\HDU�HVWLPDWHV�RI�WKH�DYHUDJH�QXWULHQW�FRQWHQW�SHU�SRXQG�RI�HDFK�IRRG�LWHP���H�J��� WKH�QXPEHU�RI�JUDPV�RI
SURWHLQ�SHU�SRXQG�RI�EHHI��7KHVH�\HDU�WR�\HDU�QXWULHQW�FRQWHQW�HVWLPDWHV�SUHVHQW�VHYHUDO�LVVXHV��)LUVW��WKHUH
DUH�RQO\�VOLJKW�DQQXDO�FKDQJHV�LQ�WKHVH�GDWD�RYHU�WKH�SHULRG������������$�QRQ�FRQVWDQW�1�PDWUL[�PDNHV�WKH
PRGHO�SDUDPHWHUV�WLPH�YDU\LQJ��,Q�SULQFLSOH��D�WLPH�YDU\LQJ�1�PDWUL[�SHUPLWV�WKH�VHSDUDWH�LGHQWLILFDWLRQ�DQG
HVWLPDWLRQ�RI� WKH�SUHIHUHQFH�SDUDPHWHUV�DVVRFLDWHG�ZLWK�QXWULWLRQ� DQG� WDVWH��+RZHYHU�� WKLV� LV� QRW�SRVVLEOH
ZLWK�D�FRQVWDQW�1�PDWUL[��6HFRQG��WKH�FRQVWUXFWLRQ�RI�WKH�DQQXDO�QXWULHQW�FRQWHQW�PDWULFHV�FUHDWHV�D�VLPXOWD�
QHLW\�SUREOHP��7KDW�LV��WKH�HOHPHQWV�RI�[�DUH�XVHG�WR�FDOFXODWH�WKH�HOHPHQWV�RI�1�HDFK�\HDU��VR�WKDW�TXDQWLWLHV
GHPDQGHG� WDFLWO\� HQG�XS�RQ�ERWK� VLGHV�RI� WKH�GHPDQG�HTXDWLRQV��7KLUG�� WKH�SHUFHQWDJH� FRQWULEXWLRQ� HVWL�
PDWHV�DUH�UHSRUWHG�ZLWK�RQO\�WZR�RU�WKUHH�VLJQLILFDQW�GLJLWV��7KLV�JHQHUDWHV�HUURUV�LQ�YDULDEOHV��DQG�H[DJJHU�
DWHV�WKH�FKDQJHV�LQ�1�RYHU�WLPH��$V�D�UHVXOW��RQ�WKH�DGYLFH�RI�WKH�+1,6��WKH�QXWULHQW�FRQWHQW�PDWUL[�LV�DV�
VXPHG�FRQVWDQW�DFURVV�\HDUV�XVLQJ�WKH�DYHUDJH�RI�WKH�����������DQQXDO�HVWLPDWHV�IRU�1��WKH�ORQJHVW�DYDLO�
DEOH�WLPH�SHULRG�ZLWK�FRQVLVWHQW�SHUFHQWDJH�FRQWULEXWLRQ�HVWLPDWHV�IRU�DOO����IRRG�LWHPV�DV�D�VWDUWLQJ�SRLQW
IRU�RXU�DQDO\VLV�RI�WKH�QXWULWLRQDO�FRQWHQW�RI�IRRG�LWHPV�GHYHORSHG�DQG�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��7KHVH
DYHUDJH�DQQXDO�HVWLPDWHV�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH���SUHVHQWV�PRGHO�GLDJQRVWLFV�IRU�WKH�VDPSOH�SHULRG���������DQG����������ZKLFK�H[FOXGHV�:RUOG�:DU
,,�SOXV������WR�DFFRXQW�IRU�WKH�G\QDPLF�HIIHFWV�RI�KDELW�IRUPDWLRQ��0RGHO�VWDELOLW\�WHVWV�DSSHDU�DW�WKH�ERWWRP
RI�WDEOH����7KH�XQUHVWULFWHG�YHUVLRQ�IDLOV�WR�UHMHFW�WKH�PRGHO�VSHFLILFDWLRQ�DW�D���SHUFHQW�VLJQLILFDQFH�OHYHO�
ZKLOH�WKH�V\PPHWULF�DQG�JOREDOO\�TXDVL�FRQFDYH�YHUVLRQV�IDLO�WR�UHMHFW�DW�WKH����SHUFHQW�OHYHO��,Q�DGGLWLRQ�
V\PPHWU\�LV�QRW�UHMHFWHG�DW�D���SHUFHQW� OHYHO�RI�VLJQLILFDQFH� OHYHO��ZKLOH�JOREDO�TXDVL�FRQFDYLW\� LV�QRW�UH�
MHFWHG� DW� WKH���� SHUFHQW� OHYHO��0RUHRYHU�� WKH� OHVV� GHILQLWLYH� UHVXOW� UHJDUGLQJ�PRGHO� VSHFLILFDWLRQ� DQG� SD�
UDPHWHU� VWDELOLW\� IRU� WKH�XQUHVWULFWHG�PRGHO� LV� WHPSHUHG� E\� VHYHUDO� IDFWRUV�� )LUVW�� QHLWKHU� RI� WKH� UHVWULFWHG
VSHFLILFDWLRQV� LV� UHMHFWHG� LQ�IDYRU�RI� WKH�XQUHVWULFWHG�PRGHO��6HFRQG��QHLWKHU� UHVWULFWHG�YHUVLRQ�VKRZV�HYL�
GHQFH�RI�PLVVSHFLILFDWLRQ��7KLUG��QRQH�RI�WKH�PRGHO�YHUVLRQV�VKRZ�HYLGHQFH�RI�PLVVSHFLILFDWLRQ�LQ�DQ\�RI�D
ODUJH�EDWWHU\�RI�VLQJOH�HTXDWLRQ�VWDELOLW\�WHVWV��VHH�/D)UDQFH�����D�IRU�GHWDLOV���,Q�DGGLWLRQ��QHLWKHU�UHVWULFWHG
VSHFLILFDWLRQ�VKRZV�HYLGHQFH�RI�DXWRFRUUHODWLRQ�LQ�WKH�HUURU�WHUPV��7KLV�LV�XQXVXDO�LQ�WKDW�WKH�LPSRVLWLRQ�RI
SDUDPHWHU�UHVWULFWLRQV�VXFK�DV�V\PPHWU\�XVXDOO\�WHQGV�WR�LQWURGXFH�VHULDO�FRUUHODWLRQ�DPRQJ�WKH�HUURU�WHUPV�
7KHUH�DOVR�LV�OLWWOH�HYLGHQFH�RI�VNHZQHVV�LQ�WKH�UHVLGXDOV�DQG�WKH�WZR�UHVWULFWHG�PRGHOV�VKRZ�QR�HYLGHQFH�RI
WKLFNHU� WDLOV� LQ� WKH� HUURU� WHUPV� WKDQ� RFFXUV� LQ� WKH� XQUHVWULFWHG�PRGHO��� DOWKRXJK� DOO� WKUHH� YHUVLRQV� RI� WKH
PRGHO�VKRZ�HYLGHQFH�RI�OHSWRNXUWRVLV��+RZHYHU��WKH�HVWLPDWLRQ�DQG�LQIHUHQFH�PHWKRGV�HPSOR\HG�KHUH�DUH
UREXVW�WR�WKLFN�WDLOV�VR�ORQJ�DV�WKH�IRXUWK�PRPHQWV�RI�WKH�XQGHUO\LQJ�GDWD�JHQHUDWLQJ�SURFHVV�H[LVW�

7DEOH���UHSRUWV�WKH�HTXDWLRQ�VXPPDU\�VWDWLVWLFV�IRU�WKH�IXOO\�UHVWULFWHG��JOREDOO\�TXDVL�FRQFDYH�PRGHO�VSHFL�
ILFDWLRQ��,Q�WKLV�WDEOH��WKH�DYHUDJH�SHU�FDSLWD�H[SHQGLWXUH�OHYHOV�IRU�LQGLYLGXDO�IRRG�LWHPV�DOVR�DUH�UHSRUWHG�LQ
FRQVWDQW� ����� GROODUV�� 7DEOH� �� SUHVHQWV� WKH� HVWLPDWHG� VWUXFWXUDO� SDUDPHWHUV� DVVRFLDWHG�ZLWK� WKH� FRQVWDQW
WHUPV��GHPRJUDSKLF�YDULDEOHV��DQG�ODJJHG�TXDQWLWLHV�FRQVXPHG��ZLWK�HVWLPDWHG�DV\PSWRWLF�VWDQGDUG�HUURUV�LQ
SDUHQWKHVHV�EHORZ�WKH�UHVSHFWLYH�SDUDPHWHU�HVWLPDWHV��2QH�QRWDEOH�IHDWXUH�LQ�WKLV�WDEOH�LV�WKDW�KDELW�IRUPD�
WLRQ�DSSHDUV�WR�EH�FRQVLGHUDEO\�ZHDNHU�WKDQ�SUHYLRXV�VWXGLHV�RI�IRRG�GHPDQG�VXJJHVW��7KLV�UHVXOW�LV�OLNHO\

����������������������������������������������������������

��)RU�H[DPSOH��WKH�SRLQW�HVWLPDWH�IRU�WKH�FRHIILFLHQW�RI�H[FHVV�NXUWRVLV�LQ�WKH�XQUHVWULFWHG�PRGHO�IDOOV�ZHOO
ZLWKLQ�D����SHUFHQW�FRQILGHQFH�LQWHUYDO�RI�WKH�FRUUHVSRQGLQJ�HVWLPDWH�IRU�WKH�TXDVL�FRQFDYH�PRGHO��,Q�RWKHU
ZRUGV��WKH�SDUDPHWHU�UHVWULFWLRQV�DVVRFLDWHG�ZLWK�V\PPHWU\�DQG�MRLQWO\�ZLWK�V\PPHWU\�DQG�TXDVL�FRQFDYLW\
GR�QRW�DSSHDU�WR�FUHDWH�VSXULRXV�RXWOLHUV�LQ�WKH�GDWD�
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GXH� WR� WKH� LQFOXVLRQ� RI� WKH� YDULDEOHV� DVVRFLDWHG�ZLWK� WKH� DJH� GLVWULEXWLRQ� DQG� HWKQLF�PDNHXS� RI� WKH�8�6�
SRSXODWLRQ��� 7KHVH� YDULDEOHV� KDYH� FKDQJHG� VXEVWDQWLDOO\�� DOWKRXJK� UDWKHU� VPRRWKO\� DQG� QRQOLQHDUO\�� RYHU
WLPH��+HQFH��WKH\�OLNHO\�UHSUHVHQW�QRQOLQHDU�WUHQGV�LQ�IRRG�FRQVXPSWLRQ�WKDW�SUHYLRXVO\�KDYH�EHHQ�SUR[LHG
E\�ODJJHG�TXDQWLWLHV�GHPDQGHG��)LQDOO\��WDEOH���SUHVHQWV�WKH�HVWLPDWHG�SDUDPHWHUV�DVVRFLDWHG�ZLWK�WKH�QHJD�
WLYH�RI�WKH�LQYHUVH�+HVVLDQ�IRU�WKH�IRRG�VHFWRU¶V�VXEXWLOLW\�IXQFWLRQ��ZLWK�WKH�DVVRFLDWHG�DV\PSWRWLF�VWDQGDUG
HUURUV�LQ�SDUHQWKHVHV�EHORZ�WKH�HVWLPDWHG�FRHIILFLHQWV�

7KHVH�HPSLULFDO�UHVXOWV�DQG�K\SRWKHVLV�WHVWV�VXJJHVW�WKDW�WKLV�GDWD�VHW�UHDGLO\�DFFRPPRGDWH�WKLV�PRGHO�VSHFL�
ILFDWLRQ�� HYHQ� XQGHU� WKH� LPSRVLWLRQ� RI� JOREDO� V\PPHWU\� DQG� QHJDWLYH� VHPLGHILQLWHQHVV� RI� WKH� DVVRFLDWHG
VXEPDWUL[�RI�6OXWVN\�VXEVWLWXWLRQ�WHUPV��:KLOH�WKLV�UHVXOW�LV�VXUSULVLQJ�JLYHQ�WKH�UHVWULFWLYH�QDWXUH�RI�VWULFW
DJJUHJDWLRQ��LW�GRHV�VXJJHVW�WKDW�WKH�PRGHO�LV�D�UHDVRQDEOH��FRKHUHQW�IUDPHZRUN�IRU�VWXG\LQJ�WKH�DJJUHJDWH
FRQVXPHU�HIIHFWV�RI�FKDQJHV�LQ�IDUP�DQG�IRRG�SROLFLHV�LQ�WKH�8QLWHG�6WDWHV��$Q�DGGLWLRQDO� LQWHUHVWLQJ�HP�
SLULFDO�UHVXOW�LV�WKDW�LQFOXGLQJ�D�UHDVRQDEOH�OLVW�RI�GHPRJUDSKLF�YDULDEOHV�LQ�WKH�DJJUHJDWH�GHPDQG�HTXDWLRQV
HOLPLQDWHV�YLUWXDOO\�DOO�HYLGHQFH�RI�VHULDO�FRUUHODWLRQ�LQ�WKH�HUURU�WHUPV�DQG�PXFK�RI�WKH�HPSLULFDO�VXSSRUW
IRU�KDELW�IRUPDWLRQ�LQ�IRRG�FRQVXPSWLRQ�

���,QIHUULQJ�WKH�1XWULHQW�&RQWHQW�RI�)RRG

$�FHQWUDO�IRFXV�RI�PXFK�UHVHDUFK�RQ�IDUP�DQG�IRRG�SROLF\�RQ�FRQVXPHU�FKRLFH�DQG�QXWULWLRQ�KDV�EHHQ�DQ�HI�
IRUW�WR�HVWDEOLVK�WKH�HFRQRPLF�OLQNV�EHWZHHQ�IRRG�FRQVXPSWLRQ�FKRLFHV�DQG�QXWULWLRQ��6XSSRVH�WKDW�ZH�KDYH
D�VWDEOH��WKHRUHWLFDOO\�FRQVLVWHQW�UHGXFHG�IRUP�PRGHO�RI�WKH�GHPDQG�IRU�IRRGV�WKDW�FDQ�EH�ZULWWHQ�LQ�WKH�IRUP
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M�ZLWK� UHVSHFW� WR� SULFH�N�� DQG� Z Q [ ]
LM LM M L� � LV� WKH� VKDUH� RI� QXWULHQW� L� VXSSOLHG� E\� IRRG� M�� (FRQRPLFDOO\�

WKHUHIRUH��LQIHUULQJ�WKH�QXWULHQW�VKDUHV�LV�RI�PRUH�LQWHUHVW�WKDQ�WKH�QXWULHQW�FRQWHQW�YDOXHV�

,�KDYH�DQQXDO�REVHUYDWLRQV�RQ�WKH�WRWDO�GLVDSSHDUDQFH�RI�WZHQW\�RQH�IRRGV�IURP�WKH�8�6��IRRG�VXSSO\�DQG
WKH�WRWDO�DYDLODELOLW\�RI�VHYHQWHHQ�QXWULHQWV�IURP�WKRVH�IRRGV�IRU�WKH�SHULRG������������,�DOVR�KDYH�D�VDPSOH
RI� HVWLPDWHV� IRU� WKH� LQGLYLGXDO� QXWULWLRQDO� FRQWHQW� RI� HDFK� RI� WKHVH� IRRG� LWHPV� IRU� WKH� SHULRG� ����������
+RZHYHU��WKH�IRRG�TXDQWLW\�DQG�QXWULHQW�DYDLODELOLW\�GDWD�KDV�EHHQ�XSGDWHG�VHYHUDO�WLPHV�E\�WKH�86'$�VLQFH
WKH� VDPSOH�RI����REVHUYDWLRQV�ZDV� RULJLQDOO\� FRQVWUXFWHG��+HQFH�� WKH� QXWULHQW� FRQWHQW� HVWLPDWHV� REWDLQHG
IURP�WKH�H[WUDQHRXV�VDPSOH�DUH�QRW�HQWLUHO\�FRQVLVWHQW�ZLWK�WKH�DYDLODEOH�GDWD�RQ�WRWDO�DQQXDO�IRRG�DQG�QX�
WULHQW�FRQVXPSWLRQ��%XW�LW�LV�UHDVRQDEOH�WR�WKLQN�WKDW�WKH�VKRUWHU����\HDU�GDWD�VHW�FDQ�EH�XVHG�WR�GUDZ�LQIHU�
HQFHV�DERXW�WKH�MRLQW�EHKDYLRU�RI�WKH�HOHPHQWV�RI�WKH�QXWULHQW�FRQWHQW�PDWUL[�RYHU�WLPH�

����������������������������������������������������������

�� 6WRNHU� ������� DQG�%XVH� UHDFK� D� VLPLODU� FRQFOXVLRQ� DERXW� WKH� HPSLULFDO� VLJQLILFDQFH� RI� KDELW� IRUPDWLRQ
ZKHQ� WKH\� LQFOXGH� VXPPDU\�PHDVXUHV� IRU� WKH� LQFRPH� GLVWULEXWLRQ�� UDWKHU� WKDQ� GHPRJUDSKLF� YDULDEOHV�� LQ
WKHLU�GHPDQG�PRGHOV�
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0\�LQLWLDO�SRLQW�RI�GHSDUWXUH�LV�DQ�LQJHQLRXV�DSSURDFK�WR�LOO�SRVHG�LQIHUHQFH�SUREOHPV�NQRZQ�DV�JHQHUDOL]HG
PD[LPXP�HQWURS\�UHFHQWO\�GHYHORSHG�E\�*RODQ���������*RODQ��-XGJH��DQG�0LOOHU���������DQG�*RODQ��-XGJH�
DQG�3HUORII���������$OWKRXJK�,�XOWLPDWHO\�SXUVXH�D�VRPHZKDW�GLIIHUHQW�VWUDWHJ\��LW�LV�XVHIXO�WR�EULHIO\�VXP�
PDUL]H� WKLV�DSSURDFK�DV� LW� UHODWHV� WR� WKH�SUHVHQW�SUREOHP�WR�PRWLYDWH� WKH�VROXWLRQ�DSSURDFK� WKDW� ,�DFWXDOO\
IROORZHG��&RQVLGHU�WKH�SUREOHP�RI�HVWLPDWLQJ�WKH�QXWULWLRQDO�FRQWHQW�RI�IRRG�LWHPV�LQ�D�JLYHQ�\HDU�IURP�DJ�
JUHJDWH�SHU�FDSLWD�GLVDSSHDUDQFH�GDWD�DQG�HVWLPDWHV�RI�WKH�WRWDO�QXWULHQWV�DYDLODEOH�LQ�WKH�IRRG�VXSSO\��5H�
ZULWLQJ�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�IRRG�DQG�QXWULHQWV�DV

����� ] 1 [
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PDWH�� h h h
L

L
L

L Po K³ => � @� � �� ��GLYLGH�HDFK�LQWHUYDO�LQWR�1�VXELQWHUYDOV��HDFK�KDYLQJ�WKH�IRUP

�����
1 Q

1
Q
1

1 Q
1

Q
1L

L
L

L

- +�
��

�
�� +

-�
��

�
��

-�
��

�
�� + �

��
�
��

�
! 

"
$#

� �
h h h h� ���Q� ����«��1�

DQG�ZULWH�WKH�hL¶V�DV�ZHLJKWHG�DYHUDJHV�RI�WKH�1���HQGSRLQWV�

����� h h h h h h h
L

L
L

L
L L

L
L L1 L L1

T
1
1 1

T
1

1
1

T T= +
-�

��
�
�� + �

��
�
��

�
! 

"
$# + + �

��
�
�� +

-�
��

�
��

�
! 

"
$# +

-� � �

� � � �
L

= + =
=

Ê h d
L

L LM

M

1

M . T L P1 6
�

�� � �L �

ZKHUH� d h h
L L

L
L� - " ��TLM�����"�L��M�DQG� T

LMM
1
=

Ê =
�

� ��7KH�*0(�FKRLFH�IRU�h�VROYHV

����� PD[ ORJ� �-
==

ÊÊ T T
LM LM

M

1

L

Q
[

��

�VXEMHFW�WR

T L M
LM � "� � �

T L
LM

M

1

=

Ê = "
�

� �

h d
L

L LM

M

1

L

L

Q

M . T [ ]
[

+ =
==

ÊÊ 1 6
��

�

7KLV� LV�D�VWUDLJKWIRUZDUG�FRQVWUDLQHG�RSWLPL]DWLRQ�SUREOHP�ZLWK�D� VWULFWO\�FRQFDYH�REMHFWLYH� IXQFWLRQ�DQG
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7KLV�DOZD\V�SURGXFHV�D�ZHOO�GHILQHG��XQLTXH�DQVZHU�WR�HYHQ�KLJKO\�LOO�SRVHG�LQIHUHQFH�SUREOHPV��LQFOXGLQJ
WKH�SUHVHQW�RQH�

+RZHYHU�� WKH�*0(�DOJRULWKP�UDLVHV� VRPH� LVVXHV��DW� OHDVW� IRU� WKLV� DSSOLFDWLRQ��)LUVW��ZKDW� LV� D� UHDVRQDEOH
FKRLFH�IRU�WKH�FRPSDFW�VXSSRUW�IRU�WKH�QXWULHQW�FRQWHQW�FRHIILFLHQWV"�7KLV�LV�WUHDWHG�DV�D�VXEMHFWLYH�MXGJH�
PHQW�LQ�WKH�W\SLFDO�*0(�VROXWLRQ��UDWKHU�WKDQ�WUXO\�DULVLQJ�IURP�SULRU�LQIRUPDWLRQ��,Q�WKH�SUHVHQW�FDVH��KRZ�
HYHU��ZH�NQRZ�ZLWK�SUREDELOLW\�RQH�WKDW�DQ\�JLYHQ�IRRG�LWHP�FDQ�QRW�DFFRXQW�IRU� OHVV� WKDQ�]HUR�QRU�PRUH
WKDQ�����SHUFHQW�RI�D�JLYHQ�QXWULHQW¶V�WRWDO�DYDLODELOLW\��0RVW�RI�XV��DW�OHDVW�WKH�QRQ�QXWULWLRQLVWV�DPRQJ�XV�
LQFOXGLQJ�P\VHOI��SUREDEO\�NQRZ�SUHFLRXV�OLWWOH�PRUH�WKDQ�WKLV�DERXW�WKH�SHUFHQW�RI�WRWDO�IDW�WKDW�LV�FRQWULE�
XWHG�E\�EHHI��VD\��7KLV�JLYHV�XV�D�QDWXUDO�FKRLFH�IRU�WKH�VXSSRUW�IRU�WKH�HOHPHQWV�RI�h��%XW�LW�LV�HDV\�WR�VKRZ
WKDW� WKH�*0(� FULWHULRQ� DSSOLHG� WR� WKLV� VXSSRUW� IRU� HDFK�hL� LPSOLHV� WKDW�ZH� VLPSO\� FKRRVH� HTXDO� QXWULHQW
VKDUHV�IRU�HDFK�IRRG�LWHP�LQ�HDFK�QXWULHQW�±�FOHDUO\�D�ULGLFXORXV�LQIHUHQFH�

6HFRQG��VLPSO\�YLHZLQJ�WKH�WLPH�VHULHV�SORWV�IRU�DQ\�RI�WKH�QXWULHQW�FRQWHQW�RU�QXWULHQW�VKDUH�HVWLPDWHV�RYHU
WKH����\HDU�SHULRG�����������FOHDUO\�GHPRQVWUDWHV�WKDW�WKH�QXWULHQW�FRQWHQW�RI�PRVW�IRRGV�KDV�QRW�UHPDLQHG
FRQVWDQW�RYHU�WLPH��7KLV�LV�HVSHFLDOO\�WUXH�IRU�WKH�QXWULHQW�FRQWHQW�VKDUHV��ZKLFK�LV�LOOXVWUDWHG�FOHDUO\�LQ�ILJ�
XUHV�����IRU�WKH�IRXU�PDFURQXWULHQWV�SOXV�FKROHVWHURO��8VLQJ�WKH����\HDU�VDPSOH�DYHUDJH�PDWUL[�1���DV� WKH
FHQWHU�RI�WKH�VXSSRUW�IRU�WKH�XQLIRUP��L�H���HTXDOO\�OLNHO\��SULRU�LQ�WKH�*0(�VROXWLRQ�WDFLWO\�DVVXPHV�WKDW�WKH
QXWULHQW�FRQWHQW�PDWUL[�LV�WLPH�LQYDULDQW��,W�VHHPV�SUREOHPDWLF� WR�HPSOR\� WKH�%D\HVLDQ�PHWKRG��DW� OHDVW� LQ
SDUW�EHFDXVH�WKLV�LV�ORJLFDOO\�VXSHULRU�WR�FODVVLFDO�VWDWLVWLFV��EXW�WR�VWDUW�WKH�%D\HVLDQ�LQIHUHQFH�SURFHVV�ZLWK�D
VHW�RI�SULRU�EHOLHIV�WKDW�NQRZQ�WR�EH�IDOVH�DW� WKH�RXWVHW��&OHDUO\��DQ�DOWHUQDWLYH�DSSURDFK� LV� UHTXLUHG� LI�ZH
ZDQW�WR�EH�ORJLFDOO\�FRQVLVWHQW�DQG�QRW�MXPS�WR�VLOO\�FRQFOXVLRQV�

7KH�LPSRUWDQW�PRWLYDWLQJ�DVSHFW�RI�WKH�*0(�VROXWLRQ�WKDW�SURYLGHV�WKH�PRWLYDWLRQ�IRU�WKH�HVWLPDWLRQ�SURFH�
GXUH�,�DGRSW�FDQ�EH�REWDLQHG�E\�VLPSO\�FRPELQLQJ�HTXDWLRQV�������DQG�������
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7KLV�KDV�SUHFLVHO\�WKH�IRUP�RI�D�PXOWLQRPLDO�ORJLW�GLVWULEXWLRQ��*RODQ��-XGJH��DQG�3HUORII��ZLWK�WLPH�YDU\LQJ
ZHLJKWV�GXH�WR�WKH�IDFW�WKDW�WKH�IRRG�TXDQWLWLHV��[L���YDU\�RYHU�WLPH��7KHUHIRUH��FRQVLGHU�HVWLPDWLQJ�WKH�QXWUL�
HQW�FRQWHQW�VKDUHV�DV�PXOWLQRPLDO�ORJLW�SUREDELOLWLHV�ZLWK�H[SRQHQWLDO�FRHIILFLHQWV�DV�VLPSOH��VPRRWK�IXQF�
WLRQV�RI�WLPH��:H�ZLVK�WR�REWDLQ�WLPH�SDWKV�IRU�WKH�ILWWHG�VKDUHV�WKDW�DUH� LQ�VRPH�VHQVH�³FORVH´� WR� WKH�RE�
VHUYHG� VKDUH� HVWLPDWHV� REWDLQHG� IURP� WKH� +1,6� ZLWK� LQ� WKH� VDPSOH� SHULRG� ����������� 7KLV� DPRXQWV� WR
VSHFLI\LQJ�WKH�QXWULHQW�FRQWHQW�VKDUHV�LQ�WKH�IRUP
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ZKHUH�WKH�bLM�W��DUH�SRO\QRPLDOV�LQ�W��VD\��DQG�WKH�HUURU�WHUPV��YLM�W���DUH�DVVXPHG�WR�KDYH�]HUR�PHDQV�DQG�IL�
QLWH�YDULDQFHV��7KLV�VROXWLRQ�SURFHGXUH�PDLQWDLQV�WKH�IODYRU�RI�WKH�*0(�VROXWLRQ��ZKLOH�DOORZLQJ�IRU�D�WLPH�
YDU\LQJ�QXWULHQW� FRQWHQW�PDWUL[�±� RU�PRUH� DFFXUDWHO\�� D� WLPH�YDU\LQJ� QXWULHQW� FRQWHQW� VKDUH�PDWUL[� ±� DQG
JXDUDQWHHV�WKDW�WKH�QXWULHQW�FRQWHQW�VKDUHV�DUH�QRQ�QHJDWLYH�DQG�VXP�WR�RQH�IRU�HDFK�QXWULHQW�LQ�WKH�GDWD�VHW
DQG�HDFK�\HDU�

)RU� HDFK� RI� WKH� IRXU� PDFURQXWULHQWV� HQHUJ\�� SURWHLQ�� WRWDO� IDW�� DQG� FDUERK\GUDWHV� SOXV� WRWDO� FKROHVWHURO�
HTXDWLRQ� ������� LV� HVWLPDWHG�RYHU� WKH� VDPSOH�SHULRG�����������XVLQJ� LWHUDWLYH�QRQOLQHDU� VHHPLQJO\� XQUH�
ODWHG�UHJUHVVLRQV�HVWLPDWLRQ�PHWKRGV�ZLWK�HDFK�bLM�W��VSHFLILHG�DV�D�VHFRQG�RUGHU�SRO\QRPLDO�LQ� W��,WHUDWLYH
VHHPLQJO\�XQUHODWHG�UHJUHVVLRQV�PHWKRGV�DUH�HPSOR\HG�WR�REWDLQ�HVWLPDWHV�WKDW�DUH�LQYDULDQW�WR�WKH�HTXDWLRQ
WKDW�LV�RPLWWHG�GXH�WR�WKH�DGGLQJ�XS�FRQGLWLRQ��L�H���WKH�REVHUYHG�DQG�SUHGLFWHG�QXWULHQW�FRQWHQW�VKDUHV�VXP
WR�RQH���7KH�QRUPDOL]LQJ�FRQGLWLRQ�bL��W������LV�LPSRVHG�IRU�LGHQWLILFDWLRQ��VLPLODU�WR�WKH�QRUPDOL]LQJ�FRQGL�
WLRQ�LQ�HTXDWLRQ�������DERYH��$Q\�QXWULHQW�FRQWHQW�VKDUHV�WKDW�DUH�FRQVWDQW��LQFOXGLQJ�]HUR�VKDUHV��ZLWKLQ�WKH
VDPSOH�SHULRG�LV�IRUHFDVW�WR�UHPDLQ�FRQVWDQW� WKURXJKRXW� WKH�³IRUHFDVW´�SHULRG������������,Q�DGGLWLRQ�� WKH
IRUHFDVWHG�FDUERK\GUDWH�VKDUHV�RI�SRUN�DQG�RWKHU�UHG�PHDW�DUH�IL[HG�DW��������IRU�WKH�HQWLUH�VDPSOH�SHULRG
DQG�IRUHFDVW�SHULRG��7KH�UHDVRQ�IRU�WKLV�ODWWHU�UHVWULFWLRQ�LV�WKH�IDFW�WKDW�WKHVH�WZR�GDWD�VHULHV�DSSHDU�WR�KDYH
RQH�DQG�WZR��UHVSHFWLYHO\�YHU\�ODUJH��LQ�SHUFHQWDJH�WHUPV��RXWOLHUV�SULPDULO\�GXH�WR�URXQGLQJ��VHH�ILJXUH����
7KH�YHU\� VPDOO� SHUFHQWDJHV�RI� FDUERK\GUDWHV� FRQWULEXWHG�E\� WKHVH� IRRGV�� FRPELQHG�ZLWK� WKH�PXOWLQRPLDO
ORJLW� VSHFLILFDWLRQ�� OHDGV� WR�H[WUDRUGLQDULO\� ODUJH�ZHLJKWV�RQ� WKH� H[FHSWLRQDOO\� VPDOO� YDOXHV�RI� WKHVH� WKUHH
REVHUYDWLRQV��GRPLQDWLQJ�WKH�HPSLULFDO�HVWLPDWHV�DQG�SURGXFLQJ�LPSODXVLEOH�UHVXOWV��$W�YHU\�ORZ�OHYHOV��WKH
QXWULHQW�FRQWHQW�VKDUHV�DUH�UHSRUWHG�DV�HLWKHU���������������RU�OHVV�WKDQ��������ZLWK�WKH�ODWWHU�LQWHUSUHWHG�WR
EH�WKH�PLGSRLQW�YDOXH�RI���������,W�WKHUHIRUH�VHHPV�TXLWH�FOHDU�WKDW�WKH�UHODWLYHO\�ODUJH�SHUFHQWDJH�FKDQJHV
LQ�WKHVH�WKUHH�REVHUYDWLRQV�DUH�GXH�WR�URXQGLQJ�RI�WKH�GDWD��&RQVHTXHQWO\�WKHVH�WKUHH�GDWD�SRLQWV�DUH�HVVHQ�
WLDOO\�WKURZQ�RXW�RI�WKH�GDWD�VHW��DQG�WKH�PRGHO�LV�HVWLPDWHG�DV�LI�WKH�FDUERK\GUDWH�VKDUHV�RI�SRUN�DQG�RWKHU
UHG�PHDW�UHPDLQ�FRQVWDQW�WKURXJKRXW�WKH�VDPSOH�DQG�IRUHFDVW�SHULRGV�

)LJXUHV���WKURXJK���JUDSKLFDOO\�LOOXVWUDWH�WKH�UHVXOWV�RI�WKLV�HVWLPDWLRQ�DQG�IRUHFDVWLQJ�SURFHVV�IRU�HQHUJ\�
SURWHLQ�� WRWDO� IDW�� FDUERK\GUDWHV�� DQG� WRWDO� FKROHVWHURO�� UHVSHFWLYHO\�� ,Q� HDFK� RI� WKH� ILJXUHV�� WKH� XSSHU� OHIW
SDQHO�GHSLFWV�WKH�REVHUYHG�DQG�SUHGLFWHG�WLPH�SDWKV�RI�WKH�QXWULHQW�FRQWHQW�VKDUHV�RI�GDLU\�SURGXFWV��WKH�XS�
SHU�ULJKW�SDQHO�FRQWDLQV� WKH� WLPH�SDWKV�IRU�PHDWV�� ILVK�DQG�SRXOWU\�� WKH� ORZHU� OHIW�SDQHO�FRQWDLQV� WKRVH�IRU
IUXLWV�DQG�YHJHWDEOHV��H[FHSW�SRWDWRHV�DQG�VZHHWSRWDWRHV���DQG�WKH�ORZHU�ULJKW�SDQHO�GHSLFWV�WKH�WLPH�SDWKV
IRU�RWKHU�IRRGV��7KH�FDWHJRU\�³PLVFHOODQ\´�LQFOXGHV�FRIIHH��WHD�DQG�FRFRD�DV�ZHOO�DV�IRUWLILFDWLRQV�DQG�DGGL�
WLYHV�WKDW�DUH�QRW�DOORFDWHG�WR�DQ\�RI�WKH�RWKHU�VSHFLILF�IRRG�LWHPV�RU�JURXSV��7KH�SORWV�ZLWK�VROLG�OLQHV�DQG
VROLG� FLUFOHV� UHSUHVHQW� WKH�REVHUYHG� GDWD��ZKLOH� WKH� SORWV�ZLWK� GDVKHG� OLQHV� UHSUHVHQW� WKH� IRUHFDVW� YDOXHV�
:LWK� WKH� H[FHSWLRQV�RI�EHHI�� SRUN� DQG�SURFHVVHG�YHJHWDEOHV�� SDUWLFXODUO\� GXULQJ� WKH� \HDUV� ���������� IRU
WKHVH�WKUHH�IRRG�DJJUHJDWHV��WKH�IRUHFDVWLQJ�PHWKRG�DSSHDUV�WR�ILW� WKH�GDWD�VXUSULVLQJO\�ZHOO��&OHDUO\� WKHUH
KDV�EHHQ�VXEVWDQWLDO�PRYHPHQW�LQ�WKH�VKDUHV�RI�QXWULHQWV�VXSSOLHG�E\�PDQ\�IRRGV�RYHU�WKH�SDVW�ILIW\�\HDUV�
7KLV�LV�QRW�VXUSULVLQJ��,W�PHUHO\�UHIOHFWV�WKH�FRPELQDWLRQ�RI�WKH�FKDQJLQJ�PL[�RI�IRRGV�SURGXFHG�DQG�FRQ�
VXPHG�LQ�WKH�8�6��PDUNHW��DV�ZHOO�DV�WKH�IDFW�WKDW�WKH�W\SLFDO�VODXJKWHU�KRJ�LQ������EHDUV�RQO\�D�VOLJKW�UH�
VHPEODQFH�WR�WRGD\¶V�FRXQWHUSDUW�

���7KH�(ODVWLFLWLHV�RI�³'HPDQG´�IRU�1XWULWLRQ

,Q� WKLV�VHFWLRQ��ZH�ZLOO�FRPELQH� WKH�HPSLULFDO� UHVXOWV�RI� WKH�SUHYLRXV� WZR�VHFWLRQV� WR�JHQHUDWH�D� VHULHV�RI
WLPH�SDWKV�IRU�VKRUW��DQG� ORQJ� UXQ� LQFRPH�DQG�+LFNVLDQ�FRPSHQVDWHG�SULFH�HODVWLFLWLHV�RI�GHPDQG� IRU� WKH
ILYH� QXWULHQWV� HQHUJ\�� SURWHLQ�� WRWDO� IDW�� FDUERK\GUDWHV�� DQG� WRWDO� FKROHVWHURO�� )URP� HTXDWLRQ� ������� JLYHQ
VHSDUDELOLW\�DQG�RXU�QRUPDOL]DWLRQ�IRU�&��WKH�YHFWRU�RI�LQFRPH�HODVWLFLWLHV�IRU�WKH�IRRG�LWHPV�LV�GHILQHG�E\
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LQFRPH�HODVWLFLWLHV�RI�WKH�QXWULHQW�³GHPDQGV´�LV�HTXDO�WR
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)LJXUH��� LOOXVWUDWHV� WKH� WLPH�SDWKV�RI� WKH� LQFRPH�HODVWLFLWLHV�RI� WKH� WZHQW\�RQH� IRRG� LWHPV��ZKLOH� ILJXUH��
VKRZV�WKH�WLPH�SDWKV�RI�WKH�LQFRPH�HODVWLFLWLHV�IRU�WKH�ILYH�QXWULHQWV�IRU�WKH�SHULRG��������������$PRQJ�WKH
IRRG�LWHPV��WKH�RQO\�JRRG�ZLWK�VXEVWDQWLDOO\�QHJDWLYH�LQFRPH�HODVWLFLW\�LV�EXWWHU��ZKLOH�DOO�RI�WKH�PDFURQXWUL�
HQWV�DUH�³QRUPDO´�JRRGV��ZLWK�WRWDO�IDW�JHQHUDOO\�GLVSOD\LQJ�WKH�KLJKHVW�LQFRPH�UHVSRQVH�

6LPLODU� WR� WKH� LQFRPH�HODVWLFLWLHV�RI�GHPDQG��ZH�FDQ�FRPELQH� WKH�6OXWVN\�VXEVWLWXWLRQ�VXEPDWUL[� IRU� IRRG
LWHPV�IURP�HTXDWLRQ��������XQGHU�VHSDUDELOLW\�DQG�V\PPHWU\�
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ZLWK�WKH�QXWULHQW�FRQWHQW�VKDUH�HVWLPDWHV�WR�REWDLQ�WKH�+LFNVLDQ�FRPSHQVDWHG�SULFH�HODVWLFLWLHV�IRU�IRRGV�DQG
QXWULHQWV�DV
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+RZHYHU��LQ�WKH�LQWHUHVWV�RI�VSDFH��WKH�WLPH�SDWKV�RI�WKHVH�ODUJH�PDWULFHV�DUH�QRW�LQFOXGHG�KHUH�

���&RQFOXVLRQV

7KLV�SDSHU�SUHVHQWV�UHVXOWV�RQ�DQ�HFRQRPHWULF�PRGHO�RI�SHU�FDSLWD�IRRG�FRQVXPSWLRQ�DQG�QXWULWLRQDO�LQWDNH
IRU�WKH�8QLWHG�6WDWHV��7KH�PRGHO�LV� IXOO\�FRQVLVWHQW�ZLWK�HFRQRPLF� WKHRU\�� ,W�PRWLYDWHV�IRRG�FRQVXPSWLRQ
IRU�QXWULWLRQ�DQG�WDVWH�DQG�DFFRPPRGDWHV�WUDGH�RIIV�EHWZHHQ�HDWLQJ�IRU�SOHDVXUH�DQG�IRU�KHDOWK��7KH�HPSLUL�
FDO� PRGHO� LV� FRQVLVWHQW� ZLWK� VWULFW� DJJUHJDWLRQ� DFURVV� LQFRPH�� GHPRJUDSKLF� IDFWRUV�� DQG� YDU\LQJ� PLFUR�
SDUDPHWHUV��([SOLFLW�SDUDPHWHU�VROXWLRQV�IRU�WKH�JOREDO�LPSRVLWLRQ�RI�WKH�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV
IRU�ZHDN�LQWHJUDELOLW\��LQFOXGLQJ�JOREDO�FXUYDWXUH�UHVWULFWLRQV��KDYH�EHHQ�GHULYHG�DQG�LPSOHPHQWHG��7KH�HP�
SLULFDO�DSSOLFDWLRQ�HVWLPDWHV�D�V\VWHP�RI�GHPDQGV�IRU� WZHQW\�RQH�IRRG�LWHPV�XVLQJ�DQQXDO�8�6��SHU�FDSLWD
WLPH�VHULHV�GDWD�IRU������������5HVXOWV�RI�WKH�K\SRWKHVLV�WHVWV�RI�WKH�UHVWULFWLRQV�UHTXLUHG�IRU�HFRQRPLF�WKH�
RU\� VXJJHVW� WKDW� WKLV� GDWD� VHW� DQG� HPSLULFDO�PRGHO� UHDGLO\� DFFRPPRGDWH� HFRQRPLF� WKHRU\�� 7KLV� UHVXOW� LV
VRPHZKDW�VXUSULVLQJ�JLYHQ�WKH�UHVWULFWLYH�QDWXUH�RI�VWULFW�DJJUHJDWLRQ��1HYHUWKHOHVV��LW�VXJJHVWV�WKDW�WKH�HP�
SLULFDO�PRGHO� LV�D� UHDVRQDEOH��FRKHUHQW� IUDPHZRUN� IRU� VWXG\LQJ�DJJUHJDWH�FRQVXPHU�HIIHFWV�RI� FKDQJHV� LQ
IDUP�DQG�IRRG�SROLFLHV�LQ�WKH�8QLWHG�6WDWHV��$Q�DGGLWLRQDO�LQWHUHVWLQJ�HPSLULFDO�UHVXOW�LV�WKDW�LQFOXGLQJ�D�UHD�
VRQDEOH�OLVW�RI�GHPRJUDSKLF�YDULDEOHV�LQ�WKH�DJJUHJDWH�GHPDQG�HTXDWLRQV�HOLPLQDWHV�YLUWXDOO\�DOO�HYLGHQFH�RI
VHULDO�FRUUHODWLRQ�LQ�WKH�HUURU�WHUPV��DQG�PRVW�RI�WKH�HPSLULFDO�VXSSRUW�IRU�KDELW�IRUPDWLRQ�LQ�IRRG�FRQVXPS�
WLRQ�

7KH�SDSHU�DOVR�SUHVHQWV�DQ�DSSURDFK�WR�LQIHUULQJ�WKH�\HDU�WR�\HDU�QXWULWLRQDO�FRQWHQW�RI�DJJUHJDWH�IRRG�LWHPV
XVLQJ�SULRU�LQIRUPDWLRQ�REWDLQHG�IURP�DQ�H[WUDQHRXV�VDPSOH��7KH�SURFHGXUH�PDLQWDLQV�WKH�IODYRU�RI�WKH�JHQ�
HUDOL]HG�PD[LPXP�HQWURS\�PHWKRG�IRU�LOO�SRVHG�LQIHUHQFH�SUREOHPV��ZKLOH�RYHUFRPLQJ�VRPH�GLIILFXOWLHV�DV�
VRFLDWHG�ZLWK� WKLV�DSSURDFK� IRU� WKH�SUREOHP�DW� KDQG��7KH�PDLQ� FKDUDFWHULVWLFV�RI� WKH� LQIHUHQFH�SURFHGXUH
DUH������D�SRO\QRPLDO�H[SDQVLRQ�LQ�D�WLPH�WUHQG�IRU�WKH�H[SRQHQWLDO�WHUPV�RI�D�PXOWLQRPLDO�ORJLW�PRGHO�IRU
WKH�QXWULHQW�FRQWHQW�VKDUHV�RI�LQGLYLGXDO�IRRG�LWHPV��DQG�����LWHUDWLYH�QRQOLQHDU�VHHPLQJO\�XQUHODWHG�UHJUHV�
VLRQ�HTXDWLRQV�WR�REWDLQ�HPSLULFDO�UHVXOWV�WKDW�DUH�LQYDULDQW�WR�WKH�SDUDPHWHU�QRUPDOL]DWLRQ�DQG�RPLWWHG�IRRG
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TXDQWLW\��:LWK�RQO\�D�IHZ�H[FHSWLRQV��WKLV�IRUHFDVWLQJ�SURFHGXUH�ZRUNV�UHPDUNDEO\�ZHOO�RQ�WKH�GDWD�VHW�IRU
WKLV�VWXG\�

)LQDOO\��WKH�HPSLULFDO�UHVXOWV�IURP�WKH�WZR�VHSDUDWH�HVWLPDWLRQ�DSSURDFKHV�KDYH�EHHQ�FRPELQHG�WR�JHQHUDWH
SULFH�DQG�LQFRPH�HODVWLFLWLHV�RI�GHPDQG�IRU�IRRGV�DQG�QXWULHQWV�WKDW�DUH�FRQVLVWHQW�ZLWK�WKH�HFRQRPLF�WKHRU\
RI�FRQVXPHU�FKRLFH��7KHVH�HODVWLFLW\�HVWLPDWHV�RIIHU�D�VROLG�WKHRUHWLFDO�DQG�HPSLULFDO�EDVLV�IRU�WKH�DQDO\VLV
RI�WKH�HFRQRPLF�LPSDFWV�RI�FKDQJHV�LQ�8�6��IRRG�DQG�QXWULWLRQ�SROLF\�

6RPH�RI�WKH�PDQ\�LVVXHV�QRW�DGGUHVVHG�LQ�WKLV�SDSHU�LQFOXGH������WKH�HIIHFWV�RI�WKH�GLVWULEXWLRQ�RI�LQFRPH�RQ
DJJUHJDWH�GHPDQG�EHKDYLRU������WKH�LPSDFWV�RI�WKH�FKRLFH�RI�IXQFWLRQDO�IRUP��HVSHFLDOO\�WKH�XVH�RI�D�TXDVL�
KRPRWKHWLF�GHPDQG�PRGHO�� UDWKHU� WKDQ�DQ�DOWHUQDWLYH�DJJUHJDEOH� VSHFLILFDWLRQ�� ����P\RSLF�YHUVXV� UDWLRQDO
KDELW� IRUPDWLRQ�� DQG�SHUKDSV� HYHQ�ZKHWKHU�RU�QRW� DJJUHJDWH�8�6�� IRRG�FRQVXPSWLRQ� H[KLELWV� HYLGHQFH� RI
KDELWV�DW�DOO�ZKHQ�GHPRJUDSKLFV�DQG�WKH�GLVWULEXWLRQ�RI�LQFRPH�KDYH�EHHQ�WDNHQ�LQWR�DFFRXQW�SURSHUO\��DQG
����WKH�OLIH�F\FOH�WKHRU\�RI�FRQVXPSWLRQ�FKRLFH�DQG�WKH�LPSRUWDQFH��RU�ODFN�WKHUHRI��RI�LQWHUWHPSRUDO�RSWL�
PL]DWLRQ�DQG�H[SHFWDWLRQV�IRUPDWLRQ�SURFHVVHV�IRU�IXWXUH�SULFHV��LQFRPHV��DQG�RWKHU�UHOHYDQW�HFRQRPLF�SKH�
QRPHQD�RQ�REVHUYDEOH�IRRG�FRQVXPSWLRQ�FKRLFHV��5HOXFWDQWO\��KRZHYHU��,�PXVW�OHDYH�DOO�RI�WKHVH�TXHVWLRQV
IRU�WKH�IXWXUH�
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5HIHUHQFHV

$WWILHOG��&��/��)��³+RPRJHQHLW\�DQG�(QGRJHQHLW\�LQ�6\VWHPV�RI�'HPDQG�(TXDWLRQV�´�-RXUQDO�RI�(FRQRPHW�
ULFV��������������������

������������������������³(VWLPDWLRQ�DQG�7HVWLQJ�:KHQ�([SODQDWRU\�9DULDEOHV�$UH�(QGRJHQRXV�´�-RXUQDO�RI�(FRQR�
PHWULFV��������������������

%KDWWDFKDU\D��5��1��DQG�(��&��:D\PLUH��6WRFKDVWLF�3URFHVVHV�ZLWK�$SSOLFDWLRQV��1HZ�<RUN�� -RKQ�:LOH\
DQG�6RQV�������

%HFNHU��*��6��³$�7KHRU\�RI�WKH�$OORFDWLRQ�RI�7LPH�´�7KH�(FRQRPLF�-RXUQDO��������������������

%HUD��$��.���5��3��%\URQ��DQG�&��0��-DUTXH��³)XUWKHU�(YLGHQFH�RQ�$V\PSWRWLF�7HVWV�IRU�+RPRJHQHLW\�DQG
6\PPHWU\�LQ�/DUJH�'HPDQG�0RGHOV�´�(FRQRPLFV�/HWWHUV�������������������

%ODFNRUE\��&���'��'RQDOGVRQ��DQG�'��0DORQH\��³&RQVXPHU
V�6XUSOXV�DQG�:HOIDUH�&KDQJH�LQ�D�6LPSOH�'\�
QDPLF�0RGHO�´�5HYLHZ�RI�(FRQRPLF�6WXGLHV��������������������

%ODFNRUE\��&���'��3ULPRQW�DQG�5�5��5XVVHOO��'XDOLW\��6HSDUDELOLW\�DQG�)XQFWLRQDO�6WUXFWXUH��7KHRU\�DQG
(FRQRPLF�$SSOLFDWLRQV��1HZ�<RUN��1RUWK�+ROODQG�������

%OXQGHOO��5��³(FRQRPHWULF�$SSURDFKHV�WR� WKH�6SHFLILFDWLRQ�RI�/LIH�&\FOH�/DERXU�6XSSO\�DQG�&RPPRGLW\
'HPDQG�%HKDYLRU�´�(FRQRPHWULF�5HYLHZV�����������������

�������������������������³&RQVXPHU�%HKDYLRU��7KHRU\�DQG�(PSLULFDO�(YLGHQFH� ��$�6XUYH\´�7KH�(FRQRPLF�-RXUQDO
�����������������

%URZQ��5��/���-��'XUELQ��DQG�-��0��(YDQV��³7HFKQLTXHV�IRU�7HVWLQJ�WKH�&RQVWDQF\�RI�5HJUHVVLRQ�5HODWLRQ�
VKLSV�2YHU�7LPH�´�-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%��������������������

%URZQ��%��:�� DQG�0��%��:DONHU�� ³7KH�5DQGRP�8WLOLW\�+\SRWKHVLV� DQG� ,QIHUHQFH� LQ�'HPDQG�6\VWHPV�´
(FRQRPHWULFD��������������������

%XVH��$�³$JJUHJDWLRQ��'LVWULEXWLRQ�DQG�'\QDPLFV�LQ�WKH�/LQHDU�DQG�4XDGUDWLF�([SHQGLWXUH�6\VWHPV�´�5H�
YLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV������������������

&VLV]iU��,���:K\�/HDVW�6TXDUHV�DQG�0D[LPXP�(QWURS\"�$Q�$[LRPDWLF�$SSURDFK�WR�,QIHUHQFH�IRU�/LQHDU
,QYHUVH�3UREOHPV���7KH�$QQDOV�RI�6WDWLVWLFV����������������������

'DQW]LJ��*��%��/LQHDU�3URJUDPPLQJ�DQG�([WHQVLRQV��3ULQFHWRQ��1�-���3ULQFHWRQ�8QLYHUVLW\�3UHVV�������

'HDWRQ��$��0RGHOV�DQG�3URMHFWLRQV�RI�'HPDQG�LQ�3RVW�:DU�%ULWDLQ�/RQGRQ��&KDSPDQ�DQG�+DOO�������

������������������������³'HPDQG�$QDO\VLV�´�,Q�+DQGERRN�RI�(FRQRPHWULFV��9RO��,,,��HGV��=��*ULOLFKHV�DQG�0��,QWULOL�
JDWRU��1HZ�<RUN��1RUWK�+ROODQG�����������������

GH-DQYU\��$��³0HDVXUHPHQW�RI�'HPDQG�3DUDPHWHUV�8QGHU�6HSDUDELOLW\�´�3K�'��GLVVHUWDWLRQ��'HSDUWPHQW�RI
$JULFXOWXUDO�DQG�(FRQRPLFV��8QLYHUVLW\�RI�&DOLIRUQLD�%HUNHOH\�������

'LHZHUW�� :�� (�� DQG� 7�� -�� :DOHV�� �)OH[LEOH� )XQFWLRQDO� )RUPV� DQG� *OREDO� &XUYDWXUH� &RQGLWLRQV�´
(FRQRPHWULFD������������������
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'XUELQ��-��³(UURUV�LQ�9DULDEOHV�´�5HYLHZ�RI�WKH�,QWHUQDWLRQDO�6WDWLVWLFDO�,QVWLWXWH������������������

(GJHUWRQ��'��/��³2Q�WKH�(VWLPDWLRQ�RI�6HSDUDEOH�'HPDQG�0RGHOV�´�-RXUQDO�RI�$JULFXOWXUDO�DQG�5HVRXUFH
(FRQRPLFV��������������������

(QJOH��5��)���'��)��+HQGU\��DQG�-�)��5LFKDUG��³([RJHQHLW\�´�(FRQRPHWULFD��������������������

(SVWHLQ��/�� ³,QWHJUDELOLW\�RI� ,QFRPSOHWH�6\VWHPV�RI�'HPDQG�)XQFWLRQV�´�5HYLHZ�RI�(FRQRPLF�6WXGLHV� ��
����������������

)R\WLN��-��³9HU\�/RZ�&RVW�1XWULWLRXV�'LHW�3ODQV�'HVLJQHG�E\�/LQHDU�3URJUDPPLQJ�´�-RXUQDO�RI�1XWULWLRQ
(GXFDWLRQ������������������

*RNKDOH��'��9��DQG�6��.XOOEDFN��7KH�,QIRUPDWLRQ�LQ�&RQWLQJHQF\�7DEOHV��1HZ�<RUN��0DUFHO�'HNNHU�������

*RODQ��$���$�0XOWLYDULDEOH�6WRFKDVWLF�7KHRU\�RI�6L]H�'LVWULEXWLRQ�RI�)LUPV�ZLWK�(PSLULFDO�(YLGHQFH���$G�
YDQFHV�LQ�(FRQRPHWULFV�����������������

*RODQ��$���*��-XGJH��DQG�'��0LOOHU�0D[LPXP�(QWURS\�(FRQRPHWULFV��5REXVW�(VWLPDWLRQ�ZLWK�/LPLWHG�'DWD�
1HZ�<RUN��-RKQ�:LOH\�DQG�6RQV�������

*RODQ��$���*��-XGJH��DQG�-��3HUORII��$�0D[LPXP�(QWURS\�$SSURDFK�WR�5HFRYHULQJ�,QIRUPDWLRQ�IURP�0XOWL�
QRPLDO�5HVSRQVH�'DWD���-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��������������������

*RUPDQ��:��0��³&RPPXQLW\�3UHIHUHQFH�)LHOGV�´�(FRQRPHWULFD������������������

�������������������������³2Q�D�&ODVV�RI�3UHIHUHQFH�)LHOGV�´�0HWURHFRQRPLFD������������������

������������������������� ³7ZR�6WDJH�%XGJHWLQJ�´�8QSXEOLVKHG� W\SHVFULSW��8QLYHUVLW\� RI�1RUWK�&DUROLQD�� ������5H�
SULQWHG�DV�&KDSWHU���LQ�&��%ODFNRUE\�DQG�7��6KRUURFNV��HGV��6HSDUDELOLW\�DQG�$JJUHJDWLRQ��&ROOHFWHG
:RUNV�RI�:��0��*RUPDQ��2[IRUG��&ODUHQGRQ�3UHVV������D�

�������������������������³&RQVXPHU�%XGJHWV�DQG�3ULFH�,QGLFHV�´�8QSXEOLVKHG�W\SHVFULSW��������5HSULQWHG�DV�&KDSWHU
�� LQ�&��%ODFNRUE\� DQG�7�� 6KRUURFNV�� HGV��6HSDUDELOLW\� DQG�$JJUHJDWLRQ��&ROOHFWHG�:RUNV� RI�:��0�
*RUPDQ��2[IRUG��&ODUHQGRQ�3UHVV������E�

�������������������������³7KH�&RQFDYLW\�RI�$GGLWLYH�8WLOLW\�)XQFWLRQV�´�8QSXEOLVKHG�W\SHVFULSW��8QLYHUVLW\�RI�1RUWK
&DUROLQD��2FWREHU�������5HSULQWHG�DV�&KDSWHU��� LQ�&��%ODFNRUE\�DQG�7��6KRUURFNV��HGV��6HSDUDELOLW\
DQG�$JJUHJDWLRQ��&ROOHFWHG�:RUNV�RI�:��0��*RUPDQ��2[IRUG��&ODUHQGRQ�3UHVV������F�

+DOO�� &�� ³$FWLYLW\�$QDO\VLV�$SSOLHG� WR�0HQX� 3ODQQLQJ�´�0�6�� 7KHVLV�� ,RZD� 6WDWH�8QLYHUVLW\�� $PHV�� ,$�
�����

+DQVHQ��/��3��³/DUJH�6DPSOH�3URSHUWLHV�RI�*HQHUDOL]HG�0HWKRGV�RI�0RPHQWV�(VWLPDWRUV�´�(FRQRPHWULFD
���������������������

+DUYH\��$��&��7KH�(FRQRPHWULF�$QDO\VLV�RI�7LPH�6HULHV��&DPEULGJH��0DVVDFKXVHWWV��7KH�0,7�3UHVV�������

�������������������������7LPH�6HULHV�0RGHOV��6HFRQG�(GLWLRQ��&DPEULGJH��0DVVDFKXVHWWV��7KH�0,7�3UHVV�������

+DXVPDQ��-��³6SHFLILFDWLRQ�7HVWV�LQ�(FRQRPHWULFV�´�(FRQRPHWULFD����������������������
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�������������������������³([DFW�&RQVXPHU¶V�6XUSOXV�DQG�'HDGZHLJKW�/RVV�´�$PHULFDQ�(FRQRPLF�5HYLHZ�����������
��������

+HLHQ��'��³7KH�&RVW�RI�8�6��'DLU\�3ULFH�6XSSRUW�3URJUDPV����������´�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV
���������������

+HQGU\��'��)��'\QDPLF�(FRQRPHWULFV�2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�������

+RZH��+���5��$��3ROODN��DQG�7��-��:DOHV��³7KHRU\�DQG�7LPH�6HULHV�(VWLPDWLRQ�RI�WKH�4XDGUDWLF�([SHQGLWXUH
6\VWHP�´�(FRQRPHWULFD����������������������

,SSROLWR��5��$��DQG�5��7��0DVVRQ��³7KH�6RFLDO�FRVW�RI�*RYHUQPHQW�5HJXODWLRQ�RI�0LON�´�-RXUQDO�RI�/DZ
DQG�(FRQRPLFV������������������

-DPLVRQ��-��$��0DUNHWLQJ�2UGHUV�DQG�3XEOLF�3ROLF\�IRU�WKH�)UXLW�DQG�9HJHWDEOH�,QGXVWULHV��6WDQIRUG��)RRG
5HVHDUFK�,QVWLWXWH�������

�������������������������³/LQHDU�'HPDQG�)XQFWLRQV�LQ�7KHRU\�DQG�3UDFWLFH�´�-RXUQDO�RI�(FRQRPLF�7KHRU\�����������
��������

�������������������������³:KHQ�LV�([SHQGLWXUH�
([RJHQRXV
�LQ�6HSDUDEOH�'HPDQG�0RGHOV"´�:HVWHUQ�-RXUQDO�RI�$JUL�
FXOWXUDO�(FRQRPLFV�����������������

-D\QHV��(���,QIRUPDWLRQ�7KHRU\�DQG�6WDWLVWLFDO�0HFKDQLFV���3K\VLFV�5HYLHZ����������D����������

�������������������,QIRUPDWLRQ�7KHRU\�DQG�6WDWLVWLFDO�0HFKDQLFV�,,���3K\VLFV�5HYLHZ����������E����������

������������������ 
3ULRU� ,QIRUPDWLRQ� DQG�$PELJXLW\� LQ� ,QYHUVH�3UREOHPV��� LQ�'��0F/DXJKOLQ�� HG��� ,QYHUVH�3URE�
OHPV��3URYLGHQFH�5,��$PHULFDQ�0DWKHPDWLFDO�6RFLHW\����������������

.XOOEDFN��-��,QIRUPDWLRQ�7KHRU\�DQG�6WDWLVWLFV��1HZ�<RUN��-RKQ�:LOH\�DQG�6RQV�������

.XOOEDFN��-��DQG�5��/HLEOHU���2Q�,QIRUPDWLRQ�DQG�6XIILFLHQF\���$QQDOV�RI�0DWKHPDWLFDO�6WDWLVWLFV����������
�������

/D)UDQFH��-��7���8�6��)RRG�DQG�1XWULHQW�'HPDQG�DQG�WKH�(IIHFWV�RI�$JULFXOWXUDO�3ROLFLHV�´�:RUNLQJ�SDSHU
�������'HSDUWPHQW�RI�$JULFXOWXUDO�DQG�5HVRXUFH�(FRQRPLFV��8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\������D�
86'$�(56�FRPPLVVLRQHG�SDSHU�������)$0&�&RQVRUWLXP�

������������������ �7KH�6WUXFWXUH�RI�8�6��)RRG�'HPDQG���:RUNLQJ�SDSHU��������'HSDUWPHQW�RI�$JULFXOWXUDO� DQG
5HVRXUFH�(FRQRPLFV��8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\������E��FXUUHQWO\�LQ�UHYLHZ�DW�WKH�-RXUQDO�RI
(FRQRPHWULFV�

������������������³,QIHUULQJ� WKH�1XWULHQW�&RQWHQW�RI�)RRG�ZLWK�3ULRU�,QIRUPDWLRQ�´�$PHULFDQ�-RXUQDO�RI�$JULFXO�
WXUDO�(FRQRPLFV���������F���LQ�SUHVV�

/D)UDQFH�� -��7�� DQG�:��0��+DQHPDQQ�� ³7KH�'XDO�6WUXFWXUH�RI� ,QFRPSOHWH�'HPDQG�6\VWHPV�´�$PHULFDQ
-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV�������������������

/DLWLQHQ��.��³:K\�,V�'HPDQG�+RPRJHQHLW\�6R�2IWHQ�5HMHFWHG"´�(FRQRPLFV�/HWWHUV�������������������

/DQFDVWHU��.��-��³$�1HZ�$SSURDFK� WR�&RQVXPHU�7KHRU\�´�-RXUQDO�RI�3ROLWLFDO�(FRQRP\����������������
����

�������������������������&RQVXPHU�'HPDQG��$�1HZ�$SSURDFK��1HZ�<RUN��&ROXPELD�8QLYHUVLW\�3UHVV�������
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/DX�� /�� -�� ³7HVWLQJ� DQG� ,PSRVLQJ�0RQRWRQLFLW\�� &RQYH[LW\� DQG�4XDVL�FRQYH[LW\� &RQVWUDLQWV�´� $SSHQGL[
$���LQ�3URGXFWLRQ�(FRQRPLFV��$�'XDO�$SSURDFK�WR�7KHRU\�DQG�$SSOLFDWLRQV��0��)XVV�DQG�'��0F)DG�
GHQ��HGV����$PVWHUGDP��1RUWK�+ROODQG�3XEOLVKLQJ�&R�����������������

/XFDV��5��(��³+HGRQLF�3ULFH�)XQFWLRQV�´�(FRQRPLF�,QTXLU\�������������������

0DOLQYDXG��(��6WDWLVWLFDO�0HWKRGV�RI�(FRQRPLFV��6HFRQG�HGLWLRQ��$PVWHUGDP��1RUWK�+ROODQG�������

0HLVQHU�� -�� )�� ³7KH� 6DG� )DWH� RI� WKH� 6OXWVN\� 6\PPHWU\� 7HVW� IRU� /DUJH� 6\VWHPV�´� (FRQRPLFV� /HWWHUV� �
����������������

0LFKDHO��5��7��DQG�*��6��%HFNHU��³2Q�WKH�1HZ�7KHRU\�RI�&RQVXPHU�%HKDYLRU�´�6ZHGLVK�-RXUQDO�RI�(FR�
QRPLFV��������������������

0XHOOEDXHU��-��³$JJUHJDWLRQ��,QFRPH�'LVWULEXWLRQ�DQG�&RQVXPHU�'HPDQG�´�5HYLHZ�RI�(FRQRPLF�6WXGLHV���
����������������

B�����������������������³&RPPXQLW\�3UHIHUHQFHV�DQG�WKH�5HSUHVHQWDWLYH�&RQVXPHU�´�(FRQRPHWULFD����������������
����

0XWK��5��)��³+RXVHKROG�3URGXFWLRQ�DQG�&RQVXPHU�'HPDQG�)XQFWLRQV�´�(FRQRPHWULFD��������������������

3OREHUJHU��:��DQG�:��.UlPHU��³7KH�&8680�7HVW�ZLWK�2/6�5HVLGXDOV�´�(FRQRPHWULFD���� �������� ����
����

3ROODN�� 5�� $�� DQG� 7�� -�� :DOHV�� ³'HPRJUDSKLF� 9DULDEOHV� LQ� 'HPDQG� $QDO\VLV�´� (FRQRPHWULFD� ��
�����������������

5RWKHQEHUJ�� 7�� -�� DQG� &�� 7�� /HHQGHUV�� ³(IILFLHQW� (VWLPDWLRQ� RI� 6LPXOWDQHRXV� (TXDWLRQ� 6\VWHPV�´
(FRQRPHWULFD�����������������

6KDQQRQ��&���$�0DWKHPDWLFDO�WKHRU\�RI�&RPPXQLFDWLRQ���%HOO�6\VWHP�7HFKQLFDO�-RXUQDO����������������
����

6PLWK��9��&��³/LQHDU�3URJUDPPLQJ�0RGHOV� IRU� WKH�'HWHUPLQDWLRQ�RI�3DODWDEOH�+XPDQ�'LHWV�´�-RXUQDO�RI
)DUP�(FRQRPLFV��������������������

6SDQRV��$��³2Q�1RUPDOLW\�DQG�WKH�/LQHDU�5HJUHVVLRQ�0RGHO�´�(FRQRPHWULF�5HYLHZV��������������������

6WLJOHU��*��-��³7KH�&RVW�RI�6XEVLVWHQFH�´�-RXUQDO�RI�)DUP�(FRQRPLFV�������������������

6WRNHU��7��0��³6LPSOH�7HVWV�RI�'LVWULEXWLRQDO�(IIHFWV�RQ�0DFURHFRQRPLF�(TXDWLRQV�´�-RXUQDO�RI�3ROLWLFDO
(FRQRP\��������������������
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7RELDV��-��DQG�$��=HOOQHU���)XUWKHU�5HVXOWV�RQ�WKH�%D\HVLDQ�0HWKRG�RI�0RPHQWV�$QDO\VLV�RI�WKH�0XOWLSOH
5HJUHVVLRQ�0RGHO���+�*�%��$OH[DQGHU�5HVHDUFK�)RXQGDWLRQ��8QLYHUVLW\�RI�&KLFDJR��������3UHVHQWHG�DW
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7DEOH����6\VWHP�0RGHO�'LDJQRVWLFV�

:LWK�:RUOG�:DU�,, :LWKRXW�:RUOG�:DU�,,

��������������������������������815�����������������6<0�����������������4�&������������������815�����������������6<0�����������������4�&��������

s(S) 1515.9 1361.9 1321.8 1415.7 1228.1 1249.3

r -.124 -.044 -.0055 -.135 -.039 -.027
sr .026 .027 .028 .027 .029 .029
tr 4.78 1.61 0.20 5.02 1.35 0.94

h3 .070 .0083 .011 .147 .045 .066
s
h
�

.061 .061 .061 .063 .063 .063

W
h
�

1.14 0.14 0.18 2.31 0.71 1.05

h4 .200 .658 .631 .451 .675 .628
s
h
�

.123 .123 .123 .127 .127 .127

W
h
�

1.63 5.37 5.13 3.55 5.32 4.94

J-B c2(2) 3.94 28.84 26.35 17.96 28.80 25.51
P-value 0.14 5.5�10-7 1.9�10-6 1.3�10-4 5.6�10-7 2.9�10-6

Expenditure Exogeneity Tests

$X 1.696 3.398 3.506 1.624 5.150 5.061
s

$X
.340 1.016 1.001 .343 1.364 1.332

W
X$

4.986 3.344 3.503 4.739 3.776 3.800

P-value 3.1�10-6 4.1�10-4 2.3�10-4 1.1�10-5 8.0�10-5 7.2�10-5

F-Tests

Separability1.55 1.57
P-value .05 .05

Theory 1.09 1.84 1.18 1.12
P-value .20 9.7�10-11 .06 .12

Systemwide Stability Tests

1st  Moment
max|BT(z)| .39 .40 .66 .41 .42 .47
P-value .998 .997 .78 .996 .995 .98

2nd  Moment
max|BT(z)| .55 1.87 1.69 1.36 1.22 1.06
P-value .92 .002 .007 .05 .10 .22

                                                                                                                                 

815��6<0��DQG�4�&�DUH�XQUHVWULFWHG��V\PPHWULF��DQG�TXDVL�FRQFDYH��UHVSHFWLYHO\��V�6��LV�WKH�VHFRQG�URXQG
HUURU�VXP�RI�VTXDUHV��r�LV�WKH�ILUVW�RUGHU�DXWRFRUUHODWLRQ�FRHIILFLHQW��h��LV�WKH�FRHIILFLHQW�RI�VNHZQHVV��h��LV
WKH�FRHIILFLHQW�RI�H[FHVV�NXUWRVLV��DQG�-�%�c�����LV�WKH�-DUTXH�%HUD�WHVW�IRU�QRUPDOLW\�
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7DEOH����6LQJOH�(TXDWLRQ�0RGHO�'LDJQRVWLFV��*OREDOO\�4XDVL�&RQFDYH�6SHFLILFDWLRQ�

:LWK�:RUOG�:DU�,, :LWKRXW�:RUOG�:DU�,,
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6XJDU ����� ����� ���� ����� ����� ����

&RIIHH��7HD��	�&RFRD ����� ����� ���� ����� ����� ����
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